For the first time, the chemical composition of the seed essential oil of Rhododendron tomentosum was determined. Forty-seven compounds were identified, comprising 91.7% of the total oil. Palustrol (38.3%) and ledol (27.0%) were the predominant constituents. Some constituents, such as -pinene oxide, iso-menthyl acetate, nerolidyl acetate, cadalene and guaiazulene were characteristic only for the seeds and were identified for the first time in Rh. tomentosum oils. For comparison purposes, the essential oil isolated from the shoots of the same plant were analyzed [GC(FID) in combination with RIs, GC-MS and 13 C NMR]. More than a half of the oil was comprised of ledol (36.5%) and palustrol (21.0%). Quantitative analysis of ascaridol, a heat-sensitive compound, was carried out by 13 C NMR spectroscopy. Indeed, ascaridol undergoes partial thermal isomerization to iso-ascaridol during GC analyses.
The chemical composition of the essential oils of all or separated aerial parts (mostly shoots) of Rh. tomentosum has been studied in Europe [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] , the Far East and Siberia [16] [17] [18] , and Asia [19] [20] [21] [22] (Table 1) . Other studies were focused on the isolation and identification of new compounds from the plant, such as 7-elemol, lepalol, lepalin, lepaloks, lepakson and lebaikon [16, 17, [23] [24] [25] [26] . However, there are no data up to now on the volatile components of the seeds. Therefore, the aim of the present study was to evaluate the chemical composition of the seed oil of Rh. tomentosum growing wild in Lithuania and to compare this with that of the shoot oil. Although the composition of the shoot oil of Lithuanian Rh. tomentosum has already been reported [2, 3] , we repeated the experiment to avoid any risk of having observable differences due to any chemical variability.
Essential oils were isolated from the shoots and seeds of the same plants collected at the seed ripening stage. The oil yield was 0.9% and up to 1.5% for seeds and shoots, respectively. Both oil samples were submitted to different analytical techniques: (i) GC(RI) on apolar and polar columns and comparison of retention indexes with those of reference compounds; (ii) GC-MS and comparison of the mass spectra with corresponding literature data and computer mass spectra libraries; and (iii) 13 C NMR spectroscopy (shoot oil), by comparison of the chemical shift values of the signals in the oil spectrum with those of reference compounds.
Shoot essential oil.
In order to determine the chemotype of the investigated plants and to compare the composition of the oils isolated from various parts of the same plants, a detailed investigation of the essential oil composition was made for the shoots, and the obtained data are presented in Table 2 . More than half the oil was comprised of ledol (36.5%) and palustrol (21.0%). These were substantially higher and lower, respectively, than those previously reported (21.0-32.2% and 26.2-42.8%, respectively) for Lithuanian plants [2, 3] . However, all samples belong to the ledolpalustrol chemotype, which is common for the plants of European origin (see Table 1 ). Concerning ascaridol and iso-ascaridol, we observed a discrepancy between the quantities obtained by GC (FID) and those suggested by the mean intensity of the signals of the carbons of those molecules in the 13 C NMR spectrum. For this reason, a quantitative determination of ascaridol in the essential oil was made by 13 C NMR spectroscopy. The amount was determined as 4.0% by this method, but only 0.6% by chromatographic analysis. It is known that ascaridol is a heat-sensitive compound, which undergoes thermal isomerization during GC analysis, mainly to iso-ascaridol [27, 28] . Thus, ascaridole is partially converted to iso-ascaridole during the chromatographic separations. On the contrary, the NMR spectrum was recorded at room temperature and under these conditions neither degradation nor thermal isomerisation occurs, and so the correct value for ascaridole was 4.0%. Conversely, the content of iso-ascaridole was up to 5.0% by GC (FID), but was estimated as only one tenth of that of ascaridol by 13 C NMR spectroscopy, taking into account the mean values of the intensities of the signals of the protonated carbons belonging solely to each molecule.
Seed essential oils.
Despite numerous studies on the essential oils of Rh. tomentosum from various countries (Table 1) , seed oils of the plant have not been previously investigated. GC-MS analysis allowed us to identify 47 compounds, which formed 91.7% of the total oil (Table 2 ). Palustrol (38.3%) and ledol (27.0%) were the major constituents, comprising more than half of the oil (65.3%). In contrast, ledol predominated over palustrol in the shoot oil of the same plant.
Appreciable amounts of p-cymene (1.7%), lepalol (1.6%), alloaromadendrene (1.0%) and cyclocolorenone + epi-cyclocolorenone (2.1%) were found, as in the shoot oil. Conversely, geraniol (1.2%), bornyl acetate (1.0%) and various sesquiterpene hydrocarbons, gurjunene (1.6%), aromadendrene (1.3%), dehydro-aromadendrene (1.4%) and 9-epi--caryophyllene (1.9%) exhibited higher contents than in the shoot oil. Conversely, the seed oil contained less myrcene than the shoot oil (0.4% vs 1.9%) and the myrcene related oxygenated monoterpenes, 2-methyl-6-methylene-1,7-octadien-3one and 2-methyl-6-methylene-1,7-octadien-3-ol were not identified in the seed oil. Similarly, among the furan-containing monoterpenes, only lepalol (1.6%) was found. According to GC (FID), iso-ascaridol accounted for 0.7% of the whole oil while acaridol was not detected. With respect to our previous quantitative determination of ascaridol in the shoot oil, it could be assumed that the compound identified as iso-ascaridol is probably ascaridol itself.
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In conclusion, we confirmed that the shoot oil from Lithuanian Rh. tomentosum belongs to the ledol-palustrol chemotype, usually found for the plants of European origin. The seed oil exhibited a similar composition, only quantitative differences being observed for the major components. In addition, the content of ascaridol, a heat-sensitive compound, has been correctly appreciated using quantitative determination by 13 C NMR spectroscopy.
Experimental
Plant material and oil isolation: Rhododendron tomentosum plants (up to 1.5 kg) were collected at the seed ripening stage (beginning of September, 2009) from the marshes in the forest of Rudninkai, (Salcininkai district, Eastern Lithuania). A voucher specimen has been deposited in the Herbarium of the Institute of Botany (BILAS), number 68890. The essential oils were prepared by hydrodistillation (2 h) of air-dried shoots and seeds separated before drying (30 g each) in a Clevenger-type apparatus according to the European Pharmacopoeia. The ratio of plant material to water was 1:20. A yellow-grey, greasy mass with a sweet characteristic odour was obtained. 
GC(FID) analysis:
Quantitative analyses of the essential oils was carried out by GC on a DB-Wax capillary column (polyethylene glycol, 30 m x 0.25 mm i.d., film thickness 0.25 μm) using a Perkin-Elmer Clarus 500 chromatograph equipped with a FID. The GC oven temperature was programmed from 60ºC (isothermal for 2 min) to 160ºC (isothermal for 2 min), at a rate of 7ºC/min, then increased to 250ºC at a rate of 10ºC/min, and the final temperature was kept for 2 min. The temperature of the injector and detector was 250ºC. The flow rate of carrier gas (hydrogen) was 1 mL/min. At least 2 repetitions (n2) per analysis were performed.
GC-MS analysis:
Analyses were carried out using a HP 5890 gas chromatograph equipped with a HP 5971 mass selective detector and a HP 7673 injector (splitless 0.75 min) on a DB-5 (5%-phenyl)methylpolisiloxane capillary column; 50 m x 0.32 mm x 0.25 μm. The GC oven temperature was programmed from 60ºC (isothermal for 3 min) to 160ºC (isothermal for 1 min) at a rate of 5ºC/min, then increased to 250ºC at a rate of 10ºC/min, and the final temperature was kept for 3 min. The temperature of the injector and detector was 250ºC. The flow rate of carrier gas (helium) was 1 mL/min. At least 2 repetitions (n2) per analysis were performed. Mass spectra in electron mode were generated at 70 eV, 0.97 scans/second, mass range 35-650 m/z.
C NMR:
The NMR spectra were recorded on a Bruker AVANCE 400 Fourier Transform spectrometer operating at 100. 13 MHz for 13 C, equipped with a 5 mm probe, in deuterated chloroform
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Natural Product Communications Vol. 7 (2) 2012 229 (CDCl 3 ), with all shifts referred to internal tetramethylsilane (TMS). 13 C NMR spectra were recorded with the following parameters: pulse width (PW), 4 µs (flip angle 45°); acquisition time 2.7 s for 128 K data table, with a spectral width (SW) of 24,000 Hz (240 ppm); CPD mode decoupling; digital resolution 0.183 Hz/pt. The number of accumulated scans was 3,000 (50 mg of oil in 0.5 mL of CDCl 3 ).
Identification of components:
Identification of the individual components was based: (i) on comparison of their GC retention indices (RI) on apolar and polar columns, determined relative to the retention times of a series of n-alkanes with linear interpolation, with those of authentic compounds or literature data; (ii) by GC-MS, and comparison of the MS with corresponding data in the literature [29] , co-injection of some terpene references and the computer mass spectra libraries (Wiley and NBS 54K); (iii) by 13 C NMR spectroscopy, following a computerized method developed in our laboratories, using home-made software, by comparison of the chemical shift values of the signal in the oil spectrum with those of reference compounds compiled in a laboratory-built library [30] [31] [32] . Each component accounting for at least 0.3-0.4% of the oil was identified by NMR provided that its 13 C NMR data were present in our computerized library.
Quantitative identification of ascaridol by 13 C NMR:
Analysis was carried out using standard quantitative conditions: a Bruker microprogram (signal acquisition with inverse gated decoupling of protons, a pulse width of 90, a pulse delay of 5  T 1 (equal to 20s), and a fixed amount of diglyme, chosen as internal standard (for 51 mg of essential oil 2.625 mg diglyme was used).
